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Abstract – The paper presents the results of studies of 

monolithic concrete mixes and concretes obtained with the 

integrated use of local natural and manufactured raw materials, 

including concrete broken materials and crushed bricks. 

Formulations of filled binders based on finely ground mineral 

filler from manufactured raw materials were developed and their 

main rheological and technological properties were investigated. 

A comparative analysis of the proposed filled binders and 

traditionally used portland cement is presented. The author 

describes optimal compositions of monolithic concretes were also 

developed and their technological, physio-mechanical and thermal 

properties . The main stages of hardening of the bearing 

monolithic (massive) structures with consideration of heat 

generation processes in them due to the hydration of the binder 

are given. A comparative assessment of heat dissipation of the 

proposed filled binders based on the mineral filler of 

manufactured nature and traditional portland cements was 

carried out. 

Keywords – high-strength concrete; high quality concrete mix; 

filled binder; man-made waste; mineral filler of man-made nature; 

monolithic concrete; high-rise construction. 

I.  INTRODUCTION 

Currently, the ever-increasing pace of construction  
accompanied by an increase in the production of high-quality 
building composite materials, for the manufacture and 
processing of which much less energy and capital investment is 
required. There is some need to develop and implement high-
quality concretes, including the so-called «green composites», 
dictated by modern approaches to resource and energy 
conservation in construction and energy improvement. 
Therefore, the development of high-strength concrete based on 

the use of manufactured and local substandard natural raw 
materials is an important scientific and practical task [1-3]. 

 High-quality astringent, washed, enriched and fractionated 
sands, clean small fractions of     break-stone  (3-10; 5-10; 3-12 
mm) with a grade by crushability in the cylinder M1000-
M1400, ultrafine micro silica or dehydrated kaolin and super-
hyperplasticizer additives required to obtain high-strength 
(C50-C90) and very high-strength concrete several times 
increases the cost of production based on them [4, 6-10]. In 
addition, the careful, rational handling of natural resources with 
their partial or complete replacement by raw materials of 
manufactured origin in recent years is of particular importance 
[11–13]. 

 The solution of such an important national economic and 
engineering problem, which involves the development of 
efficient technologies for producing high-strength monolithic 
concrete due to the integrated use of man-made raw materials 
to obtain from it secondary raw materials for concrete, while 
simultaneously eliminating the enormous environmental 
damage caused by the « cemeteries»  of waste, is urgent. It is 
also an actual problem of modern materials science and 
construction, in general, throughout the country and the world, 
and in particular for the Chechen Republic, given the 
construction of the 435-meter high-rise complex «Akhmat 
Tower» in Grozny [14-23]. 

II. METHODS AND MATERIALS 

As a binder in experimental studies we  used additive-free 
portland cement brand PC 500 D0  of « Chechencement » 
production (Chechen Republic, v. Chiri-Yurt) with  NG = 25,5 

481Copyright © 2019, the Authors.  Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

International Symposium "Engineering and Earth Sciences: Applied and Fundamental Research" (ISEES 2019)
Atlantis Highlights in Material Sciences and Technology (AHMST), volume 1

mailto:s.murtazaev@mail.ru


%, specific surface 3252  sm2/g, water segregation ≤ 18 % and 
setting up time 2 h 15 min (beginning) и 3 h 40 min  (ending). 

In comparative tests, «Novorosscement» of the brand PC 
500 D0 was manufactured by JSC «Verkhnebakansky Cement 
Plant »  (Novorossiysk, c. Verkhnebakansky) with NG = 
26.2%, specific surface area of 3125  sm2 / g, water separation 
15.6% and setting times were used 2 h 25 min (beginning) and 
3 h 45 min. (ending).: 

1.  Chechencement: C3S = 59 %; C2S = 16 %; С3А = 8 %; 
C4AF = 13 %; 

2. Novorosscement: C3S = 61 %; C2S = 11 %; С3А = 4 %; 
C4AF = 13 %. 

The natural sand of the Chervlensky field of the Chechen 
Republic with the following characteristic was used as fine 
aggregate: gradation factor Mcr = 1.8-1.9; porosity - 40.8%; the 
content of dust and clay particles - 1.7-1.9%; density ρist. = 
2617 kg/m3; density ρnas. = 1512 kg/m3. 

In some tests, natural sand from the Alagirsky field from the 
Republic of North Ossetia-Alania was used to enrich the local 
sand with the following characteristics: modulus of particle size 
Mcr = 2.8-3.2; voidness - 44.9%; the content of dust and clay 
particles - 0.85%; density ρist. = 2688 kg/m3; density ρnas.  = 
1467 kg/m3. 

Local crushed gravel of 5-20 mm from the Argunsky and 
Sernovodsky fields of the Chechen Republic and imported 
crushed gravel of the 5-20 mm fraction from granite-diabase 
rocks of the Alagirsky field of the RNO-Alania used as coarse 
aggregate.  

As plasticizing additives in accordance with the GCS 
24211-2008, «Additives for concrete.General technical 
requirements», modern additives of the following 
manufacturers of building chemicals were: 

1. Company «POLIPLAST» – superplasticizer (SP) 
«Linamix PC» and hardening retarder « Linamix RS» on the 
base of Polyoxyethylene derivatives of polymethacrylic acid, 
liquid; 

2. Company «MC-Bauchemie» – hyperplasticizer « MC-
PowerFlow» on the base of the latest technology of MC 
polycarboxylate ether, liquid; 

3. Company «Sika» – SP «Sika ViscoCrete 5-600 SK» 
based on polycarboxylate esters, satisfying the requirements № 
2493-005-13613997-2008, liquid; 

 4. Company LLC «TOKAR» (Vladikavkaz) – complex 
multifunctional additive «D-5» that meet the requirements 
SGAS 24211-2008, dry powder. 

In order to obtain optimal formulations of high-strength 
concrete with the integrated use of local raw materials, 
including  man-made nature, compositions filled  binders (FB) 
with finely ground  man-made mineral filler((MMF) were 
developed, allowing  obtain a high-strength cement stone with 
noticeably smaller pores and less shrinkage (Tables 1 ). 

 All the MMFs were ground for 5 minutes in the «MV-20-
EX»laboratory vibratory ball mill with a loading volume of 5-
6 liters to obtain a specific surface of 450-600 m2/kg. 

TABLE I.  CHEMICAL COMPOSITIONS OF CRUSHING 

PRODUCTS OF MAN -MADE AND NONSTANDARD  RAW    MATERIALS 

Chemical 

composition  

Type of raw material from which MF is formed  

concrete 

broken 

materials  

ceramic 

crushed  

bricks 

ash-and-

slag 

mixture  

Quartz sands  

SiO2 52,80 53,68 55,36 78,46 

Al2O3 5,03 15,28 10,31 6,82 

Fe2O3 3,33 7,88 5,01 1,94 

TiO2 0,31 1,65 0,32 0,10 

MgO 1,22 1,79 1,44 2,20 

CaO 34,52 10,81 12,62 3,92 

K2O 1,31 2,60 1,49 - 

Na2O 0,51 1,31 1,72 - 

SO3 0,59 2,52 0,76 0,97 

p.p.p. 0,11 0,08 9,12 1,22 

Other 
inorganic 

components  

0,27 2,36 1,85 4,37 

 

Micrographs of the ultrafine system after grinding the raw 
materials for MMF are   in the Figure 1. 

III. RESULTS 

In order to obtain optimal formulations of high-strength 
concrete with a comprehensive use of local raw materials, 
including man-made nature, compositions filled  binders (FB) 
with finely ground mineral filler of man-made  nature (MMF) 
were developed, allowing  obtain high-strength cement stone 
with significantly smaller pores and less shrinkage. 

Thus, formulations  of filled binders (FB) with an activity 
of 60-71 MPa and finely dispersed MMCs from concrete 
broken materials and crushed bricks with a ratio of 70:30%,  
respectively were developed and investigated, while the 
proportion of the filler mixture in FB was 25 and 40%, by 
weight of the  binder .  

Due to the fact that for designing the underground part of 
the «Akhmat Tower» multifunctional complex , concrete of 
different strength classes  (C40, C75-C80) was laid. The task 
was to develop a line of high-strength concrete mixes (HSC), 
starting from the middle classes C40-C50 and ending with high-
strength concrete class C80-C90, with the integrated use of 
local raw materials, including manufactured nature. 

The chemical additives used as super plasticizer (SP) 
«Linamix PC» and hardening retarder «Linamix RS».  

The hyperplasticizer « Linamix PC» was in concrete 
mixtures on FB in an amount of  0.3 to 0.4% by weight of 
cement, i.e. in a small amount, since FB has already a complex 
modifying additive D-5, which has plasticizing properties. 

The additive « Linamix RS» dosed for 0.7% by weight of 
cement was in concrete mixtures of increased persistence (7-8 
hours or more). 
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Fig. 1.  The shape and nature of the surface of the microparticles in the fine 

grinding product: а – concrete broken materials; b – ceramic crushed  

bricks (CCB); c – ash-and-slag mixture; d – nonstandard  quartz sands. 

 Thus, using local natural and manufactured raw materials, 
we designed optimal formulations of high-performance 
concrete mixes with a grade of P5 cone sediment and 
persistence of more than 8 hours to produce HSC. 

When calculating the temperature fields of massive 
reinforced concrete structures (foundations, dams, etc.), such 
thermophysical characteristics of concrete are used, such as 
specific heat capacity, thermal diffusivity, heat release 
(exotherm) of the clinker part in the process of concrete 
strength at an early age. Exothermic plays an important role in 
the concreting of massive structures, since a sufficiently high 
heat release in the concrete mix and in the concrete leads to the 
formation of a temperature difference between the inner and 
outer layers of concrete. 

 Thus, in Figure 2, the temperature drops between the core 
and the surface of a massive structure given by the example of 
the base plate of the multifunctional high-rise complex « 
Akhmat- Tower » (Grozny) with dimensions in plan of 72x72 
m and height of about 3.5 m, established by the technological 
regulations [5]. 

In massive building structures because of their large 
dimensions, as a rule, the heat from cement hydration released 
slowly into the air or into adjacent structural elements, because 
of which the core of a monolithic element heats up much faster 
and stronger than the shell. At the same time, inside the cross 
section of a monolithic structure, the temperature difference ΔТ 
leads to the formation of a compressive stress, and at the edges, 
there is a tensile stress (Figure 3). 

Tensile stresses may also appear between different 
reinforced concrete elements when a monolithic structure is 
concreted onto a previously laid and solidified structure. At the 
same time, the fresh concrete mix on the PC M500 D0 
generates heat (up to 500 kJ / kg), while the previously laid 

concrete has already cooled and hardened. Therefore, when 
cooling a «new» concrete, its narrowing occurs, which 
prevented by the adhesion forces with the «old» previously laid 
concrete (external pressure, «longitudinal stress»). 

 
Fig. 2.  Limiting temperature drops between the core and the surface of the 

base plate of the multifunctional high-rise complex «Akhmat-Tower» 

(Grozny). 

 

Fig. 3. 3. Internal compressive stresses σcs and tensile stresses σts resulting 

from temperature changes in concrete due to clinker exotherm. 

Figure 4 shows schematically the dependence of 
temperature and stress due to external pressure generated by 
this concreting technology. 

The dependence of heat release curves in time 
conventionally divided into 5 stages (Table 2). 

According to calculations [5], the temperature difference 
between the upper surface layers of concrete slab and outside 
air ΔТ1 should be no more than 20 ºС, and the difference 
between the side layers ΔТ2 - no more than 30 ºС.  

M
ax

 Δ
Т

 

t, °С 

σts  

 σcs  

a) b) 

c) d) 

Maximum temperature 

zone in the base plate 

core 

(no more than  

65 0С) 

Zones of maximum temperature on the 

surface of the base plate (no more than 45 

С) 

ΔТ2 ≤ 30 ºС 

ΔТ1 ≤ 20 ºС 

ΔТ2 ≤ 30 ºС 

Section А-А 
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Fig. 4. 4. Temperature change and stress characteristic in fresh concrete with 

limited deformation: σcs – internal compressive stresses ; σts – tensile 
stresses; tbeg. – initial temperature of the concrete mix ; t max – maximum 

temperature of concrete mix; t air  – ambient temperature; I, II, … V – 

stages  (periods) the process of heat dissipation of the concrete mix in 
time; curve 1 – kinetics of heat generation of concrete on PC; curve 2 – 

kinetics of heat generation of concrete on FB. 

TABLE II.  THE MAIN STAGES (PERIODS) OF THE HEAT 

RELEASE PROCESS DURING CONCRETE MIXTURES IN DIFFERENT 

BINDERS IN TIME 

№, 

Stage 

The duration of the 

stage with concrete, 

hour  
Stage description  

On PC On FB 

Stage  
№ 1 

0…2 0…8 

The initial stage without raising the 

temperature of the concrete mix 

(dormant period). This period is 
significantly increased due to the use of 

surfactants in the composition of FB, 

curing retarders, etc.  

Stage 

№ 2 
2…6 8…15 

An increase in temperature due to the 

hydration of the binder, there is no 

measurable stress, since in still plastic 
concrete, thermal expansions are 

converted to relative compression. At the 

end of this stage, the temperature is 
referred to as « first temperature at zero 

voltage » t01 

Stage 

№ 3 
6…13 15…24 

Further heating of the concrete, the 
strength of the concrete increases and a 

compressive stress is formed, partially 

decreasing due to relaxation. Stage №3 
end when maximum temperature is 

reached  tmax. 

Stage 

№ 4 
13…24 24…72 

Heat transfer prevails: the temperature of 

the concrete and the compressive stress 
in the concrete decrease, a part of the 

compressive stress decreases due to 

relaxation. «A  second temperature at 
zero voltage» t02 is achieved, which 

significantly exceeds the cooling rate and 

age of concrete t01 
 

Stage 

№ 5 
24…72 72…144 

Further cooling and increasing tensile 

stress, which are partially reduced due to 
relaxation.  If the tensile stress reaches 

the tensile strength of the concrete under 

tension (at ΔTcr.), through cracks are 
formed. 

To reduce the exotherm of cement in concrete class C75, 
laid down for the design of the foundation slab of the « Akhmat 
Tower», the authors [5] require that the following conditions be 
fulfilled: 

 concrete mixes should be characterized by a low energy 
potential, which minimizes for this class of concrete 
binder consumption not exceeding 360 kg/m3 (based on 
the clinker part) and the slowed down dynamics of 
strength at an early age (to one day); 

 concrete mixtures laid in the structure should have a 
sufficiently high thixotropic  which ensures that the 
ability of the mixture to re-liquefy and thicken at the age 
of 24; 

 a PC with NC cement paste of no more than 25-26% 
with mineral additives of no more than 5%, containing  
С3А in an amount of no more than 8% should be used in 
concrete mixtures; 

 concrete mixes delivered to the construction site must 
have a temperature in the range of +2…+28 ºС. 

At the same time, the calculated increase in the temperature 
of the concrete in the core of the slab (relative to the 
temperature of the concrete mixture laid in the structure) should 
be no more than 45 ºС. 

The principles outlined above regarding the temperature 
characteristics of concrete and the characteristics of the 
maintenance of a massive structure depicted in Figure 4 

 

Fig. 5.  Temperature variation and stress characteristic in fresh concrete with 

limited deformation: σcs – internal compressive stresses; σts – tensile 
stresses; tbeg. – initial temperature of the concrete mix; t max – maximum 

temperature of concrete mix; t air  – ambient temperature; I, II, … V – 

stages  (periods) the process of heat dissipation of the concrete mix in 
time; curve 1 – kinetics of heat generation of concrete on PC; curve 2 – 

kinetics of heat generation of concrete on FB. 
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 As we can see from Figure 5, in the case of monolithic 
concrete of massive structures, it is important to strive on  
effective use of  various technological methods and attempts to 
control heat generation processes during cement hydration and 
to prevent the formation of cracks (critical moment 1) at an 
early age of concrete with still not fully formed structure. These 
techniques, as noted above, include the use of belated cements, 
which are binders with a low energy potential, the use of 
surfactants, which slow down the growth of concrete strength 
at an early age, etc. 

IV. CONCLUSION 

Thus analyzing the data obtained , it is possible to assert the 
effectiveness of the use of FB with MMF developed in high-
quality concretes used for concreting massive structures. We 
established that the peak of the maximum heat release tmax from 
the exothermic of cement in (massive) concrete on the FB 
decreases by 30-35% in comparison with concrete on the 
PC(from 70-75 ºС to 50-55 ºС). This is explained by the 
complex effect of surfactants included in the composition of the 
HB and the hardening inhibitor « Linamix RS», which 
contribute to the gradual opening of the surface of cement 
grains for water when they are hydrated and not immediately as 
in additive-free mixtures. It turns out that because of the 
stretched effect of the steric effect of the surfactant, in concrete 
on the FB, the exotherm of its clinker part is noticeably reduced, 
which, in turn, is relatively small due to the equal replacement 
of its share by fine ground. It turns out that because of the 
stretched effect of the steric effect of the surfactant, in concrete 
on the FB, the exotherm of its clinker part is noticeably reduced, 
which, in turn, is relatively small due to the equal replacement 
of its share by fine ground.  
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